
A

AD__________

GRANT NUMBER DAMDl7-98-1l-8227

TITLE: Parity-Induced Protection Against Breast Cancer

PRINCIPAL INVESTIGATOR: Celina M. D'Cruz

CONTRACTING ORGANIZATION: University of Pennsylvania
Philadelphia, Pennsylvania 19104-3246

REPORT DATE: July 1999

TYPE OF REPORT: Annual

PREPARED FOR: Commanding General
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author (s) and should not be construed as an of ficial
Department of the Army position, policy or decision unless so
designated by other documentation.

DTIC QUALITY 11 10DOILD 4

1 20004049 030



* Public reporting burden tor this collection of information is estimated to average 1 hour per response, including rhe time for reviewing instructions, searching existing data sources,
gathering and mainraining the dara needed, and complering and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
colle ction of information, including sugge-stions for reducing rhis burden, to Washington Headquarters Services, Directorate for Information Operations and Reports. 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 12 REPORT DATE 3. REPORT TYPE AND DATES COVERED

July 1999 Annual (I Jul 98 - 30 Jun 99)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Parity-Induced Protection Against Breast Cancer DAMD1 7-98-1-8227

6. AUTHOR(S)
Celina M. DrCruz

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
University of Pennsylvania REPORT NUMBER
Philadelphia, Pennsylvania 19104-3246

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
U.S. Army Medical Research and Materiel Command AGENCY REPORT NUMBER
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for Public Release; Distribution Unlimited

13. ABSTRACT (Maximum 200 words)

There is a strong correlation between a womanrs reproductive history and her risk of developing breast cancer. In
particular, epidemiological studies have shown that women who undergo an early first-full term pregnancy (FFT'P)
are at a much reduced lifetime risk of developing breast cancer as compared to women who never have children. This
reduced susceptibility to breast cancer following an early FFTP has also been demonstrated in both rat and mouse
models. Although this observation is well documentedr the underlying molecular mechanism for parity-induced
protection is not known. One model to explain this effect would be that the relative distribution of epithelia] cell
subtypes dramatically change as a result of pregnancy, lactation and regression, and give rise to a population of
epithelial cells with a reduced tumor susceptibility. In a second model, it is hypothesized that systemic changes in
hormone levels, and the indirect result of these changes on epithelia] cell subtypesr may impact the susceptibility to
tumorigenesis in the parous breast. To distinguish between these models, we have initiated a project to isolate
molecular markers demonstrating differential expression between nulliparous and parous rat mammary glands.
Preliminary results suggest that this is a valuable approach in which to characterize the cellular and molecular
changes that occur as a result of parity.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Breast Cancer Etiology, Endocrine, Carcinogenesis, Epidemiology

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified 2Unclassified Unlimited

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)1SPC 10
Proscribed by ANSI Std. Z39-18 298-102 SAPVI0



FOREWORDl

opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

V__ Where copyrighted material is quoted, permission has been
obtained to use such material.

jjwhere material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

SCitations of commercial organizations and trade names in
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

~<In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals," prepared by the Committee on Care and use of
Laboratory Animals of the Institute of Laboratory Resources,
national Research Council (NIH Publication No. 86-23, Revised
1985)1

./ For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

JfIn conducting research utilizing recombinant DNA
technology, the investigator(s) adhered to current guidelines
promulgated by the National Institutes of Health.

4'7In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

?A In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety
in Microbiological and Biomedical Laboratories.

P1- Signature ( ~ Date

3



Table of Contents:

Page#
Front Cover I
Standard Form 2
Foreword 3
Table of Contents 4
Introduction 5
Body 6
Research Accomplishments 7
Reportable Outcomes 8
Conclusions 8
References 8
Appendices 9

4



Introduction:

The relationship between carcinogenesis and development in the breast in underscored by
epidemiological studies in which breast cancer risk is associated with normal endocrine
history. Reproductive events such as a late menarche or an early menapause are two
events known to reduce a woman's exposure to ovarian hormones as well as her risk of
mammary carcinogenesis[1-5]. In addition, an early first full-term pregnancy (or early
FFTP) has been demonstrated to reduce a women's lifetime risk of developing breast
cancer as compared with women that never have a child[6-1 1]. To further support this
observation, parity-induced protection has been observed in a Sprague-Dawley rat model
as well[12,13]. Although parity-induced protection from breast cancer is well
documented both in epidemiological and rodent studies, very little is known about the
underlying molecular mechanism of this protective event. It has been hypothesized that
the difference in tumor susceptibility between the nulliparous and parous breast may be
due to an alteration in the distribution of epithelial cell subpopulations. Alternatively,
parity-induced protection may result from systemic changes such as hormonal levels that
indirectly effect the relative abundance of epithelial cell subpopulations in the breast. To
address these two models, we are using PCR-based subtractive hybridization to isolate
cDNA clones demonstrating differential expression between virgin and parous rat
mammary glands. We have successfully generated non-overlapping, enriched
populations of subtracted cDNA using both virgin and parous tissue as "tester" material.
In addition, we have employed a secondary screening approach to improve the isolation
of true positive clones. Based on the results of the secondary screening, we have
sequenced for identification and confirmed expression by Nothern hybridization of
numerous clones. We have found that using this approach, we are able to isolate
molecular markers that demonstrate differential expression and that of a subset tested,
these markers also reflect changes in cell types within the breast by in situ hybridization.

SPECIFIC AIMS:

1). Identify molecular markers demonstrating parity-related changes in the rat
breast. We will identify genes that are differentially expressed between virgin and
parous breast.

2). Characterize the temporal and spatial pattern of expression of molecular
markers in the breast. To better understand the regulation of the isolated cDNA
markers within the breast, the expression of these genes will be analyzed at the relevant
developmental time points by Northern and in situ hybridization.

3) Determine the expression of molecular markers with respect to parity-related
reproductive histories. We will use both Northern blot and in situ hybridization to
analyze changes in the expression of molecular markers as a function of reproductive
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BODY:

TASK 1. To identify molecular markers demonstrating parity-related changes in
rat breast tissue: months 1-24

* mate animals for virgin and parous breast tissue, harvest and purify total RNA:
months 1-6
"* generate cDNA libraries from virgin and parous rat breast tissue: months 6-12
"* initiate differential screening of cDNA libraries: months 6-12
"* initiate PCR-subtractive hybridization: months 6-12
"* purify, sequence, and confirm expression of candidate markers: months 8-24

Mate animals for virgin and parous breast tissue, harvest and purify total RNA:
months 1-6
20 Sprague-Dawley female rats were received from Harlan Laboratories and housed 3 per
cage with food and water ad libitum under viral and bacterial free conditions. 10 females
were set-up at the age of 4-6 weeks with male rats. The males were removed prior to
parturition and the females animals were allowed to lactate for 21days. After this time,
pups were weaned and the parous animals were allowed to regress for 28 days. At the
designated time of sacrifice (approximately 15 wks), both parous animals and age-
matched controls, that were housed in parallel, were euthanized by C02 inhalation and
mammary glands 3-6 were harvested (excluding the lymph node in gland 4). Breast
tissue was snap frozen and then homogenized in gaunidine isothiocyanate and purified by
ultracentrifigation through a CsC1 gradient. Once total RNA was isolated and
quantitated, purified poly(A) mRNA was isolated after 3 rounds of purification over an
oligodT column. This additional purification of poly(A) was performed in addition to
total mRNA purification as a recommendation for improving the outcome of the PCR-
based subtractive hybridization technique.

Generate cDNA libraries from virgin and parous rat breast tissue: months 6-12
see below.

Initiate differential screening of cDNA libraries: months 6-12
This approach is valuable for identifying the differential expression of abundantly
expressed cDNA. Results from our PCR-based subtractive hybridization suggest that this
method identifies abundantly expressed messages as well as rare or low level messages.
We are in the process of fully analyzing the subtractive hybridization data to determine
whether screening of cDNA libraries would yield additional information or whether we
should investigate microarray technologies.

Initiate PCR-Based Subtractive Hybridization
Using the poly(A) generated from a pool of 10 virgin and 10 parous rats, we made
double-stranded cDNA, digested the cDNA with RSA 1, and ligated two sets of linkers as
per Clonetech's PCR-Select kit protocol. Following two rounds of subtractive
hybridization with both virgin cDNA and parous cDNA as "tester" in the presence of
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excess "driver", differentially expressed messages were amplified by primer specific
oligos to the linkers. In Figure 1. these pools of subtracted and amplified virgin or
parous-specific cDNA are hybridized with parous markers to assay for enrichment. The
results suggest that we have generated non-overlapping, enriched pools of cDNA from
our parous "tester" sample. Unfortunately, we did not have a virgin-specific cDNA
available to test for virgin enrichment. The Clonetech kit was used in place of the Wang
and Brown technique as previously proposed due to its relative success in other
laboratories at the University of Pennsylvania School of Medicine.

Purify, Sequence, and Confirm Expression of Candidate Markers
The cDNA fragments were subcloned into pBluescript, transformed and plated to
generate a collection of virgin and parous clones. 1000 virgin and 1000 parous clones
were then gridded and duplicate colony lifts were prepared. Sets of filters were then
hybridized with a virgin or parous cDNA probe. The duplicate filters were compared for
differential hybridization. After this analysis, 100 clones were selected due to verified
differential expression. Of these 100 clones, 97 were sequenced for identity. From the
97 sequenced cDNA, 91 matched to known sequences. Six sequences showed no
significant homology to previously described sequences. Of the 97 genes identified, 50
were chosen as candidates for Northern hybridization. We were able to confirm 2 fold
differences in 15 clones, 2 of which the identity is unknown. A panel of parous specific
markers that have been confirmed by Northern hybridization are shown in Figure 2.

Task 2. To characterize the temporal and spatial expression of candidate molecular
markers: months 12-36

9 generate parity-related developmental timepoints, prepare RNA and histological
sections: months 12-18
"* test temporal expression pattern of candidate markers: months 12-36
"* perform in situ hybridization of interesting candidate markers: months 12-36

Perform in situ hybridization of interesting candidate markers.
As a pilot test for large scale in situ hybridization of our candidate markers, we have
tested 3 cDNA markers. In all cases, the molecular markers are identifying a cell
population that is selectively expanded in the parous rat breast as compared to the virgin
breast section.

KEY RESEARCH ACCOMPLISHMENTS:

"* PCR-Select Hybridization enriched for differentially expressed messages.

"• Several cDNA clones demonstrate differential expression between virgin and
parous glands.

• In situ hybridization suggest that a subset of these markers tested verify an
expansion of cell types in the parous breast as compared with the virgin breast.
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REPORTABLE OUTCOMES:

L.A. Chodosh, C.M. D'Cruz, H.P. Gardner, S.I. Ha, S.T. Marquis, J.V. Rajan,
D.B. Stairs, J.Y. Wang and M. Wang. Cancer Research(s)59,1756s-1772s,1999.

CONCLUSIONS:

In summary, we have isolated total RNA from the breasts of both virgin and
parous rats. In addition we have purified poly(A) from this total RNA in order to
improve the technical feasibility of PCR-Select. We have performed PCR-Based
Subtractive Hybridization with both virgin and parous tester to identify tissue specific
cDNA clones. From our pools of PCR-amplified products, we subcloned these fragments
into pBluescript, sequenced for gene identity. We have been able to generate a panel of
markers that demonstrate differential expression. In addition, several of these candidate
molecules have been used as templates for in situ hybridization. From this analysis, we
have found that this is a valuable approach to characterize the relative abundance of cell
types in the breast. We will continue to further characterize the temporal and spatial
pattern of the described markers, as well as correlate their expression with animals of a
variety of reproductive backgrounds. In addition we are investigating newer technologies
to identify differentially expressed cDNA markers, given that this approach appears to be
a very fruitful means of understanding parity-induced protection.
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Figure 1. PCR-Select Enriches for Differentially Expressed Parous cDNA. Southern
Blot hybridization of cDNA from unsubtracted or subtracted virgin and parous rat
tissue hybridized with two previously identified parous cDNA markers. In the first
panel, B-Casein, although present in unsubstracted virgin is subtracted out of the
parous sample. In the second panel, clone P7 is detected at very low levels in the
parous sample and is extensively enriched for in the subtracted and amplified
parous cDNA pool.
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Figure 2. Northern blot hybridization of Parous Specific cDNA markers.
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